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6. Methodology  

6.1. Synthesis of Zeolite-Y Supported mixed valent CuO and Iron (III) Oxide Nanocatalyst 

(Fe2O3-Y, CuO-Y) 

        Zeolite-Y supported Fe(III) oxide nanocatalyst was synthesized via following procedure. In a 

100 mL round bottom (RB) flask, 2 g of zeolite-Y was suspended in 50 mL of 0.01 M aqueous 

solution of Fe(NO3)3.9H2O (0.202 g) and the solution was made basic (pH ~8-9) by the addition of 1 

M KOH solution under stirring at room temperature (RT). The precipitate of iron salt formed as iron 

hydroxide on the zeolite-Y surface. The resultant solution was then filtered through Whatman No. 1 

filter paper, the leftover material was repeatedly washed in hot water, and finally, contaminants 

were extracted using the Soxhlet method. The material was obtained, dried for 12 hours at 327 
o
C 

(600 K) in an oven, and then dried for 3 hours under vacuum. The zeolite-Y-supported Fe2O3 

nanoparticles are light brown color. i.e., Fe2O3-Y.   

        The mixed valent CuO-nanoparticles supported on zeolite-Y. Initially, Na-Y zeolite was heated 

for 24 h at 393 K. After that, in a 100 mL round bottom (RB) flask, 1 g of zeolite-Y was suspended 

with 50 mL of 0.02 M aqueous solution of CuCl2.2H2O (0.170 g). The pH of the solution was 



maintained between 8-9 using NaOH solution. To the copper-containing zeolite-Y, 1 mL of 

isopropanol was added as an internal reducing agent. The reaction mixture was then stirred at room 

temperature for 30 h. After this the reaction vessel was connected to a vacuum pump and further 

stirred by applying a pressure of 0.3 millibar (mb) for 8 h. The stirring was done with a time 

inte8rval of 20 min after stirring for 1 h and the process was repeated for 8 times. The resulting 

solution was filtered using Whatman No 1 filter paper and the residual part washed several times by 

using deionized water. Complete removal of Cl
-
 ion was confirmed by doing AgNO3 test. CuO 

supported zeolite was dried for 12 h in an oven at 493 K and finally dried under vacuum to obtain 

light greyish colour of CuO-nanoparticle supported zeolite-Y (CuO-Y) and then material subjected 

for characterization. 

6.2. Synthesis of Chirally modified Co3O4-V2O5/rGO with cinchonidine (CD), schiff base (SB) 

ligand.  
The methods, shown in Scheme 1, were used to modify chiral compounds with cinchonidine (CD). 

A cinchonidine solution of 0.2 g in 20 mL of dichloromethane was added to 0.3 g of Co3O4-

V2O5/rGO nanocatalyst and agitated for 4 hours at 0-10 °C. Further stirring the final reaction 

mixture for 20 hours at room temperature. Then allow the solvent to slowly evaporate, the reaction 

mixture was let to stand. The residue that resulted was collected and allowed to air dry. Our own 

produced Schiff base (SB) ligand underwent another chiral modification with the help of the CD 

modification process utilising the same methodology and finally formed SB@Co3O4-V2O5/rGO.  

 
Scheme 1. Schematic representation of chiral modification of Co3O4-V2O5/rGO with CD and SB 

ligand. 

6.3. Synthesis of copper oxide (CuO) nanocatalyst supported on Mg
2+

-exchanged zeolite-Y 

(CuO-Mg-Y).  

           Mg
2+

-Y synthesized by taking 2 g of Sodium-Y(Na-Y) zeolite was suspended in an aqueous 

solution containing 0.01 M (0.0507 g in 25 mL water) of MgCl2.6H2O and stirred at 60 ℃ under 

refluxing for 24 hours and filtered the solution to get Mg exchange zeolite-Y. Then the CuO was 

deposited on the surface of zeolite-Y by precipitating, where 0.1 M of sodium hydroxide (NaOH) 

mixed with CuCl2.2H2O solution containing Zeolite-Y. The colour of the synthesized materials was 

gray, i.e. CuO-Mg-Y. 

 

7. Salient Research Achievement. 

7.1. Summary of Progress:  
        To create a superior solid phase catalyst for organic transformation processes, we created a 

Copper Oxide (CuO) nano-catalyst based on zeolite-Y. This is a great advancement for more 

environmentally friendly approaches or methods because it functions as a mechanochemical process 



without the use of a solvent. In CuO-Y catalyst, the CuO nanoparticles were in both Cu(I) and 

Cu(II) state and obtained mixed valent catalyst used for solvent-free synthesis of nitro-aldol product, 

benzyl alcohol oxidation, benzaldehyde reduction reaction.  
         Production of C2 di-indolyl indolones and isatins using a cost-effective and reusable Fe-oxide 

catalyst supported on zeolite-Y was designed. The Fe2O3-Y activity was found to be superior to that 

of other noble metal-based catalysts. Instead of chromatographic separation, force precipitation can 

be used to extract the majority of the C2 trimerized molecules. The catalyst could also be reused up 

to five times without having any impact on the yield of the intended product. 

      To design a chiral catalyst, we synthesized a chirally modified cobalt-vanadate grafted on 

battery waste derived layered reduced graphene oxide for enantioselective photooxidation of 2-

naphthol.   

      CuO nanoparticle supported on Mg
2+

-exchanged zeolite-Y performed as an efficient metal 

catalyst for the selective dehydrogenation of ethanol to acetaldehyde and production of 

cinnamadehyde derivative.The main advantages of the present catalyst is it’s a cheaper, less toxic 

and provides a scope for wide range of substrates. 

7.2. New Observations 

(i) The C-C bond formation via nitro-aldol was done via Cu-based catalyst known to be most 

effective for such conversion. The solvent-free synthesis of this was less known, so by using 

synthesized CuO-Y catalyst performed such C-C bond formation (nitro aldol) under liquid assisted 

grinding method and perform selective benzyl alcohol oxidation, benzaldehyde reduction. In this 

nitro-aldol reaction the benzimidazole derivatives (BZ), act as a proton abstracting source 

accelerated the reaction to a greater extent retaining the high product selectivity, where 

benzimidazole are synthesized by using the same catalyst i.e. CuO-Y 

 
Scheme 1. Synthesis of benzimidazole derivatives, nitro-aldol product and benzaldehyde reduction, benzyl 

alcohol oxidation via solid-assisted griding method using CuO-Y catalyst.  

(ii) In addition to this we have able to do C-N bond formation reaction using low-cost CuO 

supported on Fe-exchange Zeolite-Y catalyst for amide synthesis reaction using alcohol and amine. 

These amides have a significant role in medicine. 

 
Scheme 2. Synthesis of amide  from alcohol and amines via CuO supported on Fe-zeolite-Y  

(iii) Created a low-cost, environmentally friendly, and recyclable zeolite-Y supported Fe-oxide 

catalyst for the peroxymonosulfate-aided synthesis of 2,2-di(3-indolyl)-3-indolones and isatins from 

different substituted and unsubstituted indoles by only altering the solvent system and method of 



reagent addition. (Scheme 3).  

 
Scheme 3. Synthesis of C2, C3 trimers, and isatins in presence of Fe2O3-Y nanocatalyst. 
 

(iv) There are numerous uses for Co3O4 and V2O5, or its mixed valent oxides. Rarely such Co3O4-

V2O5 oxides employed in photochemical organic transformation processes. The synthesis of chirally 

modified Co-V oxide nanocatalyst on reduced graphene oxide and comprehension of their 

behaviour in the asymmetric photo-oxidation of 2-naphthol facilitated by this process. Through non-

covalent interactions, the chiral modifiers interacted with the Co3O4-V2O5/rGO catalyst to form a 

chiral environment that allowed for the excess production of C2-symmetric R and S 1,1′-Bi-2-

naphthol (BINOL). 

 
Scheme 4. Oxidative coupling of 2-naphthol to BINOL in presence of synthesized cobalt-vanadium oxide 

catalysts under optimized conditions 

(v) We create a copper oxide (CuO) nanocatalyst supported on Mg
2+

-exchanged zeolite-Y (CuO-

Mg-Y) for the in situ generation of CH3CHO from C2H5OH and its condensation with various 

benzaldehydes for the selective formation of cinnmaldehyde through cross-aldol condensation. 

 
Scheme 5. Synthesis of different α, β-unsaturated aldehydes or cinnamaldehyde derivatives in presence of 

CuO–Mg–Y catalyst. 

(vi) Iron oxide nanocatalyst supported on potassium exchanged zeolite-Y appeared as an efficient 

reusable catalyst to promote the selective α-H functionalization of 2-naphthols with various 

aromatic primary alcohols. The reaction happened at 110 ℃ in dichloroethane and required 6 h for 

completion. The product yields were found to vary with respect to the nature of the substituents. 

Benzyl alcohols with electron donating groups gave the maximum yield up to 90%. 

The nature of cations (Na+,K+) in zeolite-Y framework played an important role through cation-

interaction.  



 
 

7.3 Innovations:  Develped new methodologies for the synthesis of C-2 trimer product of indole, 

nitroaldol product, cinnamadehyde using cost-effective material of Fe2O3-Y, CuO-Y, and CuO-Mg-

Y respectively. Also, synthesized chiral BINOL product from naphthol by chirally modified Co3O4-

V2O5/rGO. 

 

7.4 Application Potential: The synthesized indole C-2 trimerized product, nitro-aldol product and 

other cinnamaldehyde product having pharmaceutical properties. The synthesized chiral BINOL 

product are regarded as important chiral auxiliaries. Also our synthesized materials have lot more 

potential towards organic synthesis like cross-coupling reaction, oxidation reaction etc.   

 

i. As the project tenure comes to an end, so we will try to compile our whole work and will 

also attempt to finish all the write up of our remaining manuscripts for submission 

ii. At the earliest starting of the project, COVID-19 pandemic was at it peak henceforth the 

labwork was affected. However, the other remaining proposed work such as C-Cl bond activation 

by our newly synthesis material is going on.   
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Sanction No Date Amount 

CRG/2019/000962 9-05-2022 Rs.800000 

Component wise utization of grants: 

Grant-in-aid-creation for 
Grants-in-aid- Genera Capital assels 

Total 

Rs. 6-49181 Coasumable: Rs. 186392 
ernead: RS J01876 

Contingency: Rs 4421 

Manpower. Rs 338000 
ravel: Rs 18492 

Details of grants position at the end of the year 

0 Balance available at end of financial year RS. 188904 

() Unspent balance refunded to SERB (1f any) 

()Balance (Carried forward to next financial year) if applicable: 
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UTILIZATION CERTIFICATE (UC) FOR THE YEAR 2022-23 
In rospoct of RECURRING 

as on 28 Jan, 2023 to be submittad to SERB 

Is the UC . Provislonal(Provisional/Auditod) 
(To be piven separately for each fnancis/ year ending on J1st March) 

Certified that I have satisfied that the conditions on which grants wero sanctioned have been duly fulfiled/are being fulfilled and that I have 

exercised following checks to see that the money has been actually utilized for the purpose for which it was sanctioned 

The main accounts and other subsidiary accounts and registers (including assets rogisters) are maintained as prescribed in the 

re levant ActURules/Standing instructions (mention the ActRules) and have been duly audited by designated audtors. The figures 

depicted above tally with the audited figures mentioned in financial statements/accounts. 

aThere exist intemal controls for safeguarding pubic funds/assets, watching oulcomes and achievements of physical larges 

against tne nnancial inputs, ensuring quality in asset creation etc. & the periodic evaluation of internal controls is exercised to 

ensure their effectiveness 

( 0 ne best ot our knowledge and belief, no transactions have been entered that are in violation of relevant AcuRUesistandig 

instructions and scheme guidelines. 

E esponsiOies among the key functionaries for execution of the scheme have been assigned in ciear terms dno dE O 

general in nature. 

ne oeneris were extended to the intended beneficiaries and only such areas/districts were covered where tne sciee wds 

intended to operate. 

ne expenoirure on various componenls of the scheme was in the proportions authorzed as per tne scheme guioees did 

terms and conditions of the grants-in-aid. 

thas been ensured that the physical and financial performance under CRG. (CRG/NPDFIECR....etc.) (Name of 

the scheme has been according to the requirements, as prescribed in the guidelines issued by Govt. of India and the 

performance/targets achieved stalement for the year to which the utilization of the fund resulted in outcomes given at Annexure 

- I duly enclosed. 

The utilization of the fund resulted in outcomes gven at Annexure - duly encosed to be formulated by the Ministy/Department 

concerned as per their requirements/specifications.) 

Details of various schemes executed by the agency through grants-in-aid received from the same Ministry or from other Ministries 

s enclosed at Annexure-l (to be formulated by the Ministry/Department concerned as per their requirements/specifications). 

Date. 8-02-2023 

e.Tezpur 

wna 

Dr. Kusum Kumar Bania) 

Signature ot Pi. 
Name.s ******* ** 

Signaturewith Seal .. Signature with Seal....ene 

Chief Finance Oicer Ndllne. *********************** 

(Head glPASEN LUJÍIer Regis1iräipad of Organisation 
Tepur University 

Te:pur Uvtveriir Strike out inappicabie terms 


